Introduction
Distal humerus fracture in the elderly is a surgical challenge when there is gross displacement, metaphyseal comminution, or very low fracture of the trochlea or capitellum. Even with open reduction using the gold standard internal fixation by dual column plate osteosynthesis, complications like hardware failure, nonunion, malunion, and elbow stiffness remain common in the elderly. Total elbow arthroplasty (TEA) is increasingly and commonly used for the primary treatment of selected distal humerus fractures in elderly patients. TEA is also indicated when there is pathological fracture, degenerative elbow disease, posttraumatic arthritis, and nonunion of the distal humerus. 1 Chronic elbow dislocation may be another pre-existing condition of the elbow that favours TEA for distal humerus fracture. To the best of our knowledge, this is the first report regarding the use of TEA to treat an elderly patient who presented with distal humerus fracture with chronic elbow dislocation.
Case Report
In 2002, an elderly woman presented to our orthopaedic clinic for her elbow deformity. She was known to have long-standing right elbow deformity after an injury to her elbow since the age of 10 years. She attended our clinic since 2002. Plain X-ray ( Figure 1) showed dislocation of the right ulnohumeral joint, nonunion of lateral condyle of humerus, dome shaped trochlea and slender distal humerus shaft, and degenerative changes at the radiocapitellar joint. Although she had on and off right elbow pain, this could be relieved with analgesics. She enjoyed good elbow function with independent activities of living. She could use chopsticks well, and her right hand could reach the occiput and mouth. Her elbow range was 0e130 with full supination and pronation but with gross instability. There were no symptoms or signs of ulnar neuropathy. In view of satisfactory upper limb function, she was managed conservatively with analgesics for her intermittent elbow pain.
In October 2014, the 86-year-old lady had a slip and fall accident and was admitted for right elbow injury. Physical examination showed that there was right elbow swelling and diffuse tenderness. The elbow range was limited. No neurovascular deficit was noted. Plain X-ray ( Figure 2) showed a fracture at the slender portion of the distal humerus with the pre-existing chronic elbow dislocation and an ill-defined lateral condyle of humerus. Plaster of Paris slab was given with gentle reduction for immobilization ( Figure 3 ). The elbow anatomy was studied using three-dimensional computed tomography ( Figure 4 ). It showed a fracture at the slender pencilshaped sclerotic segment at the diaphyseal-metaphyseal region.
The lateral condyle was almost absent. A full range of CoonradMorrey prosthesis from Zimmer (Warsaw, IN), including extrasmall ulnar components and long humerus prosthesis with long anterior flange was arranged.
TEA was performed 2 weeks after the injury to allow subsidence of the elbow swelling while waiting for the availability of the prosthesis. The patient was put in a supine position with the involved upper limb brought over a towel roll across the chest. The elbow was approached from posterior using a posterior straight midline incision with a bilaterotricepital "triceps-on" approach. Instead of resection of distal fragments of the humerus and detachment of collateral ligaments, flexorepronator and extensoresupinator to medial and lateral condyles, the condyles were preserved for later fixation to preserve the integrity of the collateral ligaments. The olecranon was eroded with the loss of olecranon tip. The radial head was enlarged. The distal humerus shaft was thinned with the obliteration of the marrow canal. The thinned sclerotic distal part of the humerus was excised and retained as bone graft. The humerus medullary cavity was reamed and could accept a small humerus prosthesis. The flat spot of the proximal ulna was used to guide the orientation of the ulnar component in the sigmoid notch and proximal ulna. A long flange humerus prosthesis was used to bridge the distal humerus bone loss to allow the capture of the bone graft in between the anterior humerus cortex and anterior flange. A 6-inch small humerus component with long flange and a small 3-inch ulnar component were inserted for trial reduction. The proper depth of insertion of humerus prosthesis was determined by the muscle tension with the elbow in 90 flexion under axial load. Full elbow flexion and extension was obtained on table. Antibiotics-loaded cement (Palacos with gentamicin (Zimmer, Warsaw, IN)) was used. The remnants of medial and lateral condyles were wired back to the distal shaft of the humerus, and the bone graft was packed under the long anterior flange. Partial excision of the radial head was done to eliminate impingement during rotation. Subcutaneous anterior transposition of the ulnar nerve was done. A long arm plaster of Paris slab with the elbow at 50 flexion was applied in the operating theatre ( Figure 5 ). Prophylaxis against heterotopic ossification was not given in this patient. Indomethacin was contraindicated in this patient as she had a history of duodenal bleeding in 2005. After removal of the drain and after the swelling of elbow subsided with high elevation, a hinged elbow brace was applied to allow free range of motion. The wound healed well, and there was no ulnar nerve symptoms. There was no infection or heterotopic ossification. She was pain-free with good elbow flexioneextension of 10e100 at 3-month follow-up. She had a femoral neck fracture in July 2016 (9 months after TEA) with dynamic hip screw fixation done. She recovered well and could walk outdoors with a stick. The last follow-up at 22 months (after TEA) showed satisfactory elbow motion (flexioneextension arc of 20e130 , full supination and pronation to neutral) with no pain. X-ray showed incorporation of the bone graft at the anterior flange with no radiographic loosening of the prosthesis (Figure 6 ). The Mayo Elbow Performance Score was 100 (pain 45, motion 20, stability 10, and daily function 25).
Discussion
This is a challenging clinical problem to solve as it combines acute fracture on top of the chronic elbow instability with nonunion fracture dislocation. Treatment options include conservative treatment, open reduction internal fixation, TEA, and elbow arthrodesis. The authors believe that this is the first report regarding the use of TEA for the treatment of this rare presentation.
Conservative treatment is reserved for very frail elderly patients with contraindication to anaesthesia. For this healthy patient with good pre-injury function, there is a high risk of nonunion, pain, and stiff elbow after conservative treatment. Stable fixation of the fracture is difficult and reduction of the chronic elbow dislocation is impossible due to the gross joint incongruity related to aberrant development of the elbow articulating bones after dislocation at the age of 10 years. Elbow arthrodesis gives a poor function not only from the loss of elbow motion but also from the altered mechanics of wrist flexors and extensors due to excessive bone shortening to achieve fusion. Also, solid fusion is technically difficulty to obtain with a low fusion rate.
Our goal is to achieve a stable, pain-free, and good functional elbow with one-stage surgery without significant additional risks or future complications to the patient. TEA is the most logical treatment as it solves both the problem of acute fracture and chronic elbow instability. In the only prospective randomised study of 40 patients, TEA had a significantly better Mayo Elbow Performance Score (96 vs. 73), better flexioneextension arc (107 vs. 95 ), with less complications and a lower revision rate (12% vs. 27%) than open reduction and internal fixation.
2 Primary TEA has been increasingly considered as an alternative treatment for selected elderly patients with comminuted distal humerus fractures. Its use is limited by life-long activity restriction and the concern of long-term survival. Furthermore, complications after TEA may be more severe and more difficult to treat than those after internal fixation.
Computed tomography scan was done to delineate the anatomy and determine the necessity of the long humerus prosthesis, with the long anterior flange as the prosthesis having to be seated more proximally because the thinned segment of the distal humerus could not accommodate the humeral stem. Preoperative templating has not been found useful in the prediction of the size of implant. A local study showed that the size of implant could be predicted accurately by the planning template in only 24% (4/17) of elbows, and extra-small ulnar prostheses might be used in Chinese rheumatoid patients. 3 Even with digital templating, the predictive value was only 53% for both implants. 4 A "triceps-on" approach was used for TEA in this patient and other patients with distal humerus fracture by the senior author. By sparing the triceps muscle and its insertion, extensor weakness and disruption is prevented as the entire elbow extensor mechanism is left in continuity. Early free flexion and extension exercises can be started. A comparative study of 83 primary TEAs of 73 patients for inflammatory arthropathy showed that the "triceps-on" approach gave a lower complication rate in the triceps (8.1% vs. 32.6%) and a higher rate of adequate cementation (92% vs. 70%) than the "triceps-off" approach, while there was no difference in the final range of motion. 5 Linked semiconstrained prosthesis was used in distal humerus fractures to ensure joint stability in the presence of bone loss and ligamentous insufficiency after resection of fracture fragments in distal humerus fracture. The anterior flange and bone graft in the floppy hinge prosthesis is designed to resist the torsional and posterior directed forces associated with loosening of the constrained prosthesis. The floppy hinge prosthesis allows 5e10 of varus/valgus which reduces the constraint and lessens the risk of wear, loosening, and mechanical failure. With the Coonrad-Morrey system, the commonly used 4-inch humerus prosthesis is inserted to the proximal aspect of olecranon fossa of humerus after excision of the comminuted fracture fragments of distal humerus. This allows the bone graft to be captured by the intact anterior humeral cortex and the anterior flange. Additional bone loss, like in this patient, required a 6-inch long humerus prosthesis with long anterior flange to bypass bone defect and to engage diaphysis. Such noncustom, long flange prosthesis can address up to a total of 8 cm of distal humeral bone loss. 6 The proper depth of insertion of the humerus prosthesis is guided by the muscle tension of intact biceps and triceps with the elbow in 90 flexion on axial loading. Full extension should be obtained on trial reduction; an extension deficit may be corrected by deeper insertion of the humerus prosthesis in TEA for distal humerus fracture as tight ligament or anterior capsular complex does not exist as in TEA for rheumatoid arthritis. There should be no contact between the anterior flange and a prominent coronoid process or the cement on full flexion. Otherwise, anterior impingement prosthesis loosening caused by ulnar prosthesis pistoning on flexion may occur. The risk of wound complication and infection is higher in TEA than in total joint arthroplasty in lower limbs. Deep infection between 2% and 10% was reported after TEA. Prophylactic systematic antibiotics are routine and most surgeons use antibiotics-loaded cement in TEA. Antibiotics cement was used in 86% of cases in a series of 87 TEAs done for acute distal humerus fractures in patients aged > 65 years. 7 The use of antibiotics-loaded cement in TEA is indirectly supported by its use in lower limb total joint arthroplasty and reverse total shoulder arthroplasty. Antibiotics-loaded cement was found effective in the prevention of deep infection after primary reverse total shoulder arthroplasty in a retrospective cohort study of 501 consecutive shoulders at 37-month follow-up. The difference in deep infection rate (0% vs. 3.0%, p < 0.001) was significant. 8 Transient or even permanent sensory and motor ulnar nerve complications may occur in 3e5% of TEAs. 9 Anterior ulnar transposition was done in 47% of 87 TEAs done for acute distal humerus fractures in patients aged > 65 years. 7 A recent study advocates in situ release rather than routine transposition of ulnar nerve. 10 In a centre which routinely performed an in situ release of ulnar nerve without transposition, ulnar nerve symptoms occurred in 5% (4 of 78 patients); of the four patients with ulnar nerve symptoms, two had resolution of symptoms, whereas the remaining two required subsequent transposition for continued symptoms. Ulnar nerve transposition should be considered when there is abnormal tracking or increased tension of the nerve after insertion of the prosthesis, particularly in those with marked limitation of preoperative elbow flexion less than 100 .
Conclusion
Acute humerus fracture with concomitant chronic elbow fracture dislocation associated with significant elbow instability is difficult to manage by open reduction and internal fixation. TEA gives a gratifying clinical result as shown in the present patient and resolves two difficult problems with one solution.
